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Use of resveratrol for the preparation of a medicament useful for the 
treatment of influenza virus infections . 

The invention described herein relates to the use of resveratrol as an 
active ingredient in the preparation of a medicament for treating 
influenza virus infections. 

Background to the invention 

Resveratrol, i.e, 3,4,5-trihydroxystilbene, has been intensively studied 
recently, in relation to the known beneficial properties of red wine, of 
which it is one of the fundamental ingredients (Life ScL, 71, 2145-52, 
2002). 

Resveratrol is located in the skins of black grapes in amounts ranging 
from 50 to 100 iig/gram and its concentration in red wine ranges from 
1.5 to 3 mg/1. 

Nimierous studies have demonstrated an anticarcinogenic activity of 
resveratrol, the mechanisms of action of which can be subdivided as 
follows: inhibition of activation of transcription factor NF-kB, capable 
of regulating the expression of various genes involved in inflammatory 
and carcinogenic processes (Lancet, 341, 1103-1104, 1993; Science, 275, 
218-220, 1997; Proa. Natl: Acad. Sc., 94, 14138-14143, 1997; Life 
Science, 61, 2103-2110, 1997; BHt. J. Pharm., 126, 673-680, 1999; J. 
Lnm., 164, 6509-6519, 2000); inhibition of various proteins, including 
protein kinase C (Bioch., 38, 13244-13251, 1999), ribonucleotide 
reductase (FEBS Lett, 421, 277-279, 1998) and cyclo-oxygenase-2 
(COX-2) in mammalian epithelial cells (Ann. N.Y. Acad. Sci, 889, 214- 
223, 1999; Carcinog., 21, 959-963, 2000); activation of caspases 2, 3, 6 
and 9 (FASEB J., 1613-1615, 2000) and modxUation of the gene p53, 
which is a known tumour suppressor (Cancer Research, 59, 5892-5895, 
1999; Clin. Bioch., 34, 415-420, 2001). 
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Among the beneficial actions of resveratrol we should also mention its 
antioxidant activity, suggested by the above-mentioned abihty to 
counteract the damaging effects produced by various substances and/or 
conditions that cause intracellular oxidative stress {Free Radio. Res,, 
33, 105-114, 2000). 

Resveratrol can induce vascular relaxation by means of production of 
nitric oxide at the vascular endothehal level {Cancer Res., 59, 2596-01, 
1999), inhibit the synthesis of thromboxane in platelets {Cliii. Chim. 
Acta, 235, 207-219, 1995; Int. J. Tissue React., 17, 1-3, 1995), and of 
leukotrienes in neutrophils and prevent the oxidation and aggregation 
of low-density lipoproteins (LDL) {Lancet, 341, 1103-1104, 1993; Life 
ScL, 64, 2511-2521, 1999). 

Recently, an inhibitory activity of resveratrol against the Herpes 
Simplex DNA virus has been demonstrated {Aiitiv. Res., 43, 145-155, 
1999) on the basis of in-vitro experimental systems. 

Data obtained by the present authors and by other research teams 
have revealed that many antioxidant substances are capable of 
inhibiting the repHcation of the parainfluenza Sendai virus (SV) type 
1, of the Herpes Simplex 1 virus (HSV-1) and of the acquired 
immunodeficiency virus (HIV) in vitro (AIDS Res. Hum. Retoviruses, 
1997: 1537-1541; Biochem. Biophys. Res. Commun., 1992; 188, 1090- 
1096; Antivir. Res., 1995, 27, 237.253). The antiviral efficacy of 
antioxidant substances has also been demonstrated in a murine AIDS 
(MAIDS) model, as well as in HSVl keratitis {AIDS Res. Hum. 
Retroviruses, 1996: 12, 1373-1381: Exp. Eye. Res., 200: 70, 215-220). 

Influenza is an epidemiological problem of worldwide proportions with 
serious public health problems as a residt and with major health-care 
economic repercussions. The virus responsible for influenza is 
widespread and highly infectious. Unfortunately, the therapies 
currently available are still not fully effective and often lead to the 
selection of resistant viral strains {Fields, cap47, 1533-79, 2001) and. 
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what is more, the vaccination campaigns, in addition to the 
disadvantages inherent in vaccine-based prevention, do not as yet 
provide satisfactory cover owing to the extreme antigenic variability of 
the virus {Fields, cap47, 1533-79, 2001). 

Among the various strategies for attacking viral replication, recent 
studies (c7. of Virol., 74, 1781-1786, 2000) have reported the important 
role of protein Ml in the transportation of specific virus 
ribonucleoproteins to the cytoplasm. This appears to be a fundamental 
stage in the replication cycle of the virus, so much so that inhibition of 
viral replication can be pursued through retention of the nucleoprotein 
in the nucleus of the infected cell due to the inhibited synthesis of 
protein M. This phenomenon may be attributable to inhibition of cell 
proteins with a kinase function. In fact, it has recently been 
demonstrated that inhibition of the kinases causes retention of the NP 
of the cell nucleus {Nature Cell. BioL, 3, 301-5, 2001; J. of Virol., 74, 
1781-86, 2000), together with a potent inhibitory action against 
replication of the influenza virus. 

GSH is known to be the main antioxidant in the cellular redox system 
and has been associated with the replication of various viruses. In fact, 
previous studies conducted by the present inventors have 
demonstrated that during viral infection it is possible to observe a 
reduction in GSH levels as a result of the infection itself {Rotilio et al, 
"Oxidative stress on cell activation in viral infection", 143-53, 1993; 
Palamara et al. Antiviral Research, 27, 237-53, 1995). 

Aberrant regulation of the known mechanism of apoptosis is the 
imderlying factor responsible for numerous human diseases, such as a 
number of autoimmune, infectious or neurological diseases such as 
AIDS and cancer. 



In previous studies, it has been described that resveratrol permits the 
elimination of tumour cells through induction of apoptosis of the cells. 
Recently, studies conducted by Tinhofer I. et al. (FASEB J., 18, 1613- 
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15 2001) have revealed that the first events of apoptosis induced by 
re^eratrol are characterised by alteration of the mitochondrial 
membrane potential (AOm), by the release of reactive oxygen species 
(ROS) and by activation of caspases 2, 3, 6 and 9. It is also known that 
the influenza virus induces apoptosis in various percentages, according 
to the viral strain and the multiphcity of infection. 



Summary of the invention 



It has now been found that resveratrol exerts an inhibitory action on 
influenza virus repHcation. In an entirely surprising manner, it has 
also been found that resveratrol exerts its inhibitory action on 
influenza virus repHcation not through the expected antioxidant 
activity, but through a particular mechanism of inhibition of protein 
kinase C, a ceU enzyme that plays a major role in the influenza virus 
repHcation process. The main advantage afforded by the use of 
resveratrol would therefore consist in its abihty to attack the virus 
indirectly. i.e. by interfering with a functional cell structure of the 
virus, rather than with the viral particle in itself. This type of 
approach might therefore lead to inhibition of the virus, avoiding the 
occurrence of the phenomenon of resistance to the most common 
antiviral drugs- 

Accordingly, one object of the present invention is the use of 
resveratrol for the preparation of a medicament usefiil for the 
prevention and/or treatment of influenza virus infections. In a 
preferred apphcation of the present invention, resveratrol is used 
against the human influenza virus. In a broader apphcation of the 
invention, its objectives also include the use of resveratrol for the 
preparation of a medicament useful for the treatment of influenza 
virus infections in the veterinary field. 

The present invention wiU now be iUustrated in detail, also with the 
aid of examples and figures, where: 
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Figure 1 illustrates the ejQfect of resveratrol on the replication of the 
influenza virus PR8 in MDCK cells, and, to be precise, in Figure lA in 
the case of post-infection administration, in Figure IB in the case of 
pre-infection administration, and in Figure IC in the case of pre- and 
post-infection administration; 

Figure 2 illustrates the effect of resveratrol on confluent monolayers of 
uninfected MDCK cells, and, to be precise, the number of viable cells; 

Figure 3 illustrates the characterisation of the antiviral activity of 
resveratrol, and, to be precise, in Figure 3A the treatment diuring viral 
adsorption and in Figure 3B the effect on the viral particles; 

Figxire 4 illustrates the characterisation of the antiviral activity of 
resveratrol, and, to be precise, in Figure 4A in the case of 
administration immediately after the infection and removal at 
different times, and, in Figure 4B, in the case of addition at different 
times in relation to infection; 

Figure 5 illustrates apoptosis in MDCK cells treated with resveratrol 
(diamonds: not infected, squares: infected); 

Figure 6 illustrates the correlation between the antiviral effect of 
resveratrol and the intracelltilar redox state; 

Figure 7 illustrates the effect of resveratrol on the synthesis of viral 
proteins of the influenza virus PR8; 

Figure 8 illustrates the result of PGR for mRNA of late viral proteins; 

Figure 9 illustrates the effect of resveratrol in vivo after infection with 
the influenza virus PR8. 

Detailed description of the invention 



wo 2004/041260 



PCT/IT2003/000626 



6 

Foi- the purposes of illustrating the efficacy of the present invention, 
in-uitro studies have been conducted using influenza virus A/PR8/34, 
subtype HlNl (hereinafter referred to in brief as virus PR8). This 
strain was used purely by way of an example, it being understood that 
the present invention is applicable to the influenza virus in the 
general sense of the term. 

Materials and methods 

Resveratrol is a product which is commonly available on the market or 
which can be obtained using the known methods reported in the 
Uterature. The substance was used dissolved in DMSO (80 mg/ml). The 
concentrations used for the experiments were obtained by means of 
successive dilutions in RPMI 1640. All the control samples were 
treated with DMSO at the same doses used to dissolve the resveratrol. 
At these concentrations the DMSO produced no toxic effects on the 
cells. 

Cell cultures 

For the study of influenza virus replication MDCK cells (dog kidney 
epithelial cells) were used. The cells were cultxired in T-25 vials or in 
6- and 24-well Libno plates in RPMI culture mediiun added with L- 
glutamine, penicillin-streptomycin and 10% foetal calf serum (FCS) 
and maintained at ST'C in a 5% CO2 atmosphere. The confluent cell 
monolayers were detached with a 0.25% trypsin solution, centrifuged 
and reseeded in fresh medium. The cell count was done using a 
haemocytometer and cell viability was determined by means of 
exclusion with Trypan Blue viabihty staining (0.02%). 

Production of the virus 

The virus was produced by means of inoculation of a viral suspension 
suitably diluted in the 10-day embryonated chicken egg allantoid 
cavity. After incubating the eggs at ST^'C for 72 hours, the allantoid 
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fluid containing the newly formed viral particles was clarified by 
centrifuging at +4°C and stored at -80°C. 

Titration of the virus 

The titration of the virus was done using the haemoagglutinin 
technique which is based on the ability, pecuhar to this virus, to 
agglutinate blood cells. 

The undiluted virus in the allantoid fluid was titrated by scalar 
dilution with phosphate buffer saline (PBS) in 96-well plates, to which 
a 0.5% suspension of human blood cells of the 0 RhH- group was later 
added. The plates were then left at ambient temperature long enough 
for the haemoagglutination reaction to take place. The viral titre of the 
sample, expressed in haemagglutinating units (ELAU), was represented 
by the last dilution giving rise to complete haemoagglutination. The 
release of virus on the part of infected cells was evaluated with the 
same procedure on the supematants of the infected samples that were 
drawn 24 and 48 h after infection, 

Viral infection 

The confluent monolayers of MDCK cells were washed with PBS and 
infected with the virus (0.2 multiplicity of infection [m.o.i.]). In 
particidar, the virus was suitably diluted in RPMI without FCS and 
added to the cell in the minimxun volume. After 1 hour of incubation at 
37**C (period of adsorption of the virus), the inoiiulum was removed 
and the monolayers, after washing with PBS to remove the excess 
imadsorbed virus, were maintained in firesh medium containing 2% 
FCS. Resveratrol was added at various concentrations (1, 5, 10, 15, 20 
and 40 |Lig/ml), according to the following treatment schedules: a) 24 h 
before infection (pre-); b) immediately after adsorption of the virus to 
the infection cells (post-); and c) 24 h before and immediately after 
adsorption of the virus to the infection cells (pre-post). In all cases, the 
substance was left to incubate for the entire duration of the 
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experiment. 24 and 48 h after infection, the virus released in the 
supernatant was titrated by evaluation of the haemoagglutinating 
units. As shown in Figure 1, resveratrol added post-infection inhibited 
viral replication in a dose-dependent manner. At the concentration of 
20 p-g/ml, the viral titre was reduced by 87% compared to infected and 
imtreated controls, without any toxic effects on the uninfected cells 
being detected. For the purposes of deter minin g the possible degree of 
toxicity on the MDCK cells, the latter were treated with resveratrol 
after the confluence of the monolayer, at various concentrations (5, 10, 
15, 20 and 40 |xg/ml). The results obtained demonstrate that at the 
doses that caused significant inhibition of the influenza virus (10-20 
fig/ml), a slight reduction in cell number was observed, probably due to 
a slowing-down of cell proliferation (Figure 2A). At these doses, 
however, no morphological alterations of the cells were observed. At 
the concentration of 40 ^ig/ml, at which viral replication was 
completely blocked, however, toxic effects were observed with an 
increase in cell mortality (Figure 2B). On the basis of this result, in the 
following experiments the dose of 20 jig/ml was used, which produced 
maximal antiviral activity without side effects. 

Characterisation of antiviral activity 

With the aim of identifying the phases of the viral rephcation cycle 
controlled by resveratrol, the substance was added according to 
different treatment schedules in relation to the various phases of the 
life cycle of the virus. In the first phase, for the purposes of assessing 
whether resveratrol interferes with entry of the virus into the cells, the 
substance was added at a concentration of 20 fig/ml exclusively dxiring 
the viral adsorption phase (for one hour at ST'^C) and then removed. 
Measurement of viral replication after 24 h proved comparable to the 
replication obtained in the control cells, thus demonstrating that entry 
of the virus was not inhibited by the drug (Figure 3). Moreover, to 
assess whether resveratrol was capable of directly inactivating the 
virus, the latter was incubated with the substance at a concentration 
of 40 jig/ml for one hour at 3TC. Later, the virus thus treated was 
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diluted 1:500 and used for infecting the cells. In these conditions no 
reduction in viral replication was observed. These results suggested 
that resveratrol does not directly inactivate the viral particle. In a 
second phase, the cells were infected and treated with resveratrol, 
again using the same concentration (20 jxg/ml), but the substance was 
added at various times after infection (0, 3, 6 and 9 h). Viral 
rephcation, assessed as HAU/ml 24 h after infection, revealed that this 
was significantly inhibited only if resveratrol was added within 3 h of 
infection (Figure 4B), In contrast, if resveratrol, added immediately 
after infection, was removed at various times (0, 3, 6, 9 and 24 h), 
inhibition of replication was observed only if the treatment lasted for 
at least 9 horn's. In addition, the resxilts presented in Figure 4 also 
show that the antiviral activity, once obtained, was not reversible on 
discontinuing the treatment. 

Viral replication was also assessed with analysis of the occurrence of 
viral antigens on the sxirface of the infected cell by means of 
immunofluorescence. Analysis of viral proteins by immunofluorescence 
was done with a fluorescence microscope using a filter emitting in the 
green (FITC) (Lens lOOx). MDCK cells, cultured on cover sHdes for 24 h 
were infected and, 18 h after infection, were fixed with methanol- 
acetone 1:1 at 4*^0 for 15 min. Later, the cells were washed twice in 
PBS and permeabilised with a 0.1% solution of PBS-TRITON for 5 
min. Blockade of the aspecific sites was done with 1% milV dissolved in 
PBS for 30 min at ambient temperature. Later, specific monoclonal 
antibodies (mouse anti-influenza NP and mouse anti-infiuenza M) to 
viral proteins were added, diluted 1:50 in PBS for 30 min at ambient 
temperature. The primary antibody was detected with a secondary 
antibody conjugated to fluorescein (anti-mouse FITC, Sigma). 

Analysis of synthesis of viral proteins and correlation with antiviral 
activity of resveratrol 

Viral proteins were analysed by Western blotting. At different times 
after viral infection, the cells were lysed using special lysis buffers. 
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Equal quantities of proteins were then loaded onto polyacrylamide gel 
in SDS. After electrophoresis, the proteins were transferred onto a 
nitrocellidose membrane and treated with anti-influenza polyclonal 
antibody. After incubation and sxiitable washings, the filters were 
treated with a second antibody conjugated to peroxidase and the viral 
proteins were highhghted by means of the chemilimiinescence 
technique (ECL), using a peroxidase substrate Guminol) which, on 
reacting with the enzyme, emits a light and makes an impression on 
the autoradiography plate. The cells were treated with resveratrol at 
various concentrations (5, 10, 15 and 20 p.g/ml). To allow better 
imaging of the viral proteins, the electrophoresis run was done using a 
10% polyacrylamide gel (Figure 7A) and gradient gel (Figure 7B). 
Resveratrol at concentrations of 15 and 20 |Ag/ml almost totally 
inhibited the synthesis of the late influenza virus haemoagglutinin 
(HO-Hl, H2) and matrix proteins (M). In contrast, the expression of 
early nucleocapside proteins (nucleoprotein [NP] and polymerase 
protein (P]) was inhibited, though to a lesser extent than that of the 
late proteins. 

Analysis of the svnthesis of messenger RNAs 

For the purposes of identifying the mechanism of inhibition of viral 
proteins, MDCK cells, infected and treated with resveratrol at the 
different concentrations described above, were analysed by means of 
the PGR technique described by Tobita et aL {J. General ViroL, 78, 
563- 566 y 1997). MCDK cells infected with the virus and/or treated with 
resveratrol were homogenised with the reagent GIBCO BRL TRIZOL. 
After incubation at ambient temperatiure for 5 minutes, chloroform 
was added (0.2 ml per sample) and the samples were incubated at 15- 
SO'^C for 3 minutes, Then, they were centrifuged at 10,000 rpm for 15 
min at +4**C and the aqueous phase containing the RNA was 
recovered. 0.5 ml of isopropanolol were added and the samples were 
incubated at 15-30°C for 10 min and then centrifuged. The 
supematants obtained were removed and the RNA precipitate was 
treated with 75% ethanol at 8,000 rpm for 5 min at 2-8**C. Lastly, the 
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precipitate was air dried and dissolved in 20 |xl of water-DEPC (diethyl 
pyrocarbonate) . 

The RNA obtained was transcribed using reverse transcriptase. The 
retrotranscription was done on 5 |il of RNA of each sample in a 
mixture consisting of random primers, the four deoxynucleotides 
(dNTP=dATP, dCTP,dGTP, dTTP), dithiotreitol (DTT), and RT buffer 
(Life Technologies). The sjnathesis of complementary DNA (cDNA) was 
done by leaving the mixture for 10 min at 22*^0, then for 60 min at 
42®C and finally the reaction was inactivated for 10 min at 75*'C. The 
cDNA thus obtained was then used in PGR, 

Taq polymerase was used in PGR. PGR was conducted in its three 
phases of denaturing, annealing and elongation at the respective 
temperatures of 95, 48 and 72*'G. The cycle was repeated 20 times. The 
oligonucleotides used for the viral RNA amplification were: for the 
viral gene coding for the haemoagglutinin protein (HA) 5' primer: 5'- 
AGCAAAATGAAGGCAAACC.3', 3' primer: S'-TTACTGTTAGACGGG- 
TGAT-3'; for the viral gene coding for the matrix protein (M) 5' primer: 
5^ATGAGTGTTGTAAGGG-3', 3' primer: 5'-AGTGCTTTGTGCATGT-3'. 
The PGR product was run in electrophoresis (100 volts) on a 1% 
agarose gel in a buffer in which ethidium bromide had been placed to 
display the DNA with a UV transilluminator. 

The samples obtained were evaluated at 4, 8 and 20 h, respectively, 
after viral infection. Messenger RNAs for the viral proteins HA and M 
were not observed at 4 h either in the control or in the group treated 
with resveratrol. The resxdts show that the synthesis of the mRNAs 20 
h after infection is not affected by treatment with resveratrol. The 
observation at 4 h shows that resveratrol causes only a delay in 
messenger synthesis for these proteins (Figure 8). These results 
suggest that reservatrol at doses of 20 ^g/ml causes a delay in the 
release of messenger RNAs for the late viral proteins (HA and M), 
evaluated 8 hoiu^s giffcer infection. 
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Localisation of protein NP 

Considering that the inhibition of protein kinase C in cells infected by 
the influenza virus causes a substantial reduction in protein M 
expression, together with retention of the nucleoprotein of the nucleus 
of the infected cell (J. ViroL, 74, 1781-86, 2000), MDCK ceUs infected 
with the virus PR8 and treated or not with resveratrol at the 
concentration of 20 |ig/ml were stained with specific anti-M and anti- 
NP antibodies and observed under the fluorescence microscope. The 
results revealed that, whereas in the uninfected cells NP is observed 
both in the nucleus and in the cytoplasna and Ml prevalently in the 
cytoplasm, in cells treated with resveratrol the NP is retained in the 
nucleus and M, which is significantly inhibited, can equally be 
observed only in the nucleus. This phenomenon may be attributable to 
inhibition of ceU proteins with a kinase function. The data suggest 
then that the antiviral action mechanism may be related to the 
inhibition of proteins with a kinase function described above {FEBS 
Letters, 45, 63-7, 1999). 

Assav of reduced and oxidised glutathione 

The glutathione assay has been performed as a result of the formation 
of S-carboxymethyl-derivatives of free thiols with iodoacetic acid 
followed by conversion of the NH2 terminal groups to 2,4-dinitrophenyl 
derivatives after the reaction of l-fluoro-2,4-dinitrobenzene (AnaL 
Biochem., 106, 55-62, 1980). 

The MDCK cells were detached by means of the scraping technique. 
Later, the cells were centrifuged at 1,200 rpm for 5 minutes. The cells 
were washed twice in PBS and the precipitate, obtained after 
centrifuging, was resuspended in 200 fil of buffer. The cell lysates, 
obtained with repeated cycles of freezing and thawing, were 
deproteinised by means of precipitation in 5% metaphosphoric acid. 
After centrifuging at 22,300 g, the low-molecidar-weight thiols present 
in the supernatant were derivatised with 10% iodoacetic acid v/v and 



wo 2004/041260 



PCT/IT2003/000626 



13 



neutralised with NaHCOs in powder form. After 1 h of incubation in 
the dark a solution of 1.5% l-chloro-2.4-dinitrobenzene v/v was added 
(1.5 ml/98.5 ml of absolute ethanol). After adding the Sanger reagent, 
the samples were incubated for 12 h in the dark, and the separation of 
the various species of glutathione was done by means of a iiiBondapak 
3.9 X 300 mm (Millipore) NH2 HPLC column. To measure the total 
GSH content reference was made to a standard curve obtained with 
purified GSH. The GSH content is expressed in GSH nmol/mg proteins 
present in the lysate sample. The protein concentration was calcidated 
using the Lowry method (Biol. Chem., 193, 265-75, 1951). This method 
exploits the ability of proteins to reduce the FoUn-Ciocalteau reagent 
in an alkaline solution with Cu2+ ions, thanks to the presence of the 
phenol groups of a nmnber of amino acids such as tryptophane, 
tyrosine, cysteine and histidine. Tryptophane and tyrosine react by 
means of their particularly reactive phenol groups, cysteine through 
the -SH group and histidine with the imidazole ring. The reducing 
reaction product is detected by the formation of stained compounds by 
reaction with the aromatic amino acids of the proteins. In fact, the 
solution takes on a particularly intense blue colour which has peak 
absorption at 695 nm. On the basis of the proportions of the 
absorption, the concentration of the proteins is therefore obtained in 
relation to a straight line calibration curve obtained using various 
concentrations of drum bovine albimiin as the standard. 

For the purposes of evaluating the possible correlation between 
antiviral activity and modxilation of the redox state, the concentration 
of the cellular GSH of MDCK cells, treated with different reservatrol 
concentrations and infected or not with the virus, was assessed by 
HPLC analysis 24 h after infection, Surprisingly, resveratrol added to 
uninfected MDCK ceUs produced a reduction in intracellular GSH 
levels as compared to imtreated cells (Figure 6). The addition of 
resveratrol to infected cells, though inhibiting viral replication, did not 
restore the GSH levels reduced by the infection. 



Analvsis of anoptosis 
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As regards the analysis of apoptosis. MDCK cells were infected with 
the virus PR8. After viral adsorption, the cells were treated with 
resveratrol at various concentrations (5, 10, 15 and 20 M-g/ml). Twenty- 
four hours after infection, the cells were detached using a 0.25% 
trypsin solution and then centrifuged at 1,200 rpm for 5 min, The 
precipitate thus obtained was analysed by means of the FACS 
technique after labelling with propidium iodide. 

For the purposes of assessing whether the induction of cell death by 
apoptosis was involved in the antiviral effect of reservatrol, MDCK 
cells were infected or not with the virus and treated with the 
substance at the various concentrations. Cell death by apoptosis was 
evaluated by FACS after labelling with propidium iodide. As shown in 
Figure 5, reservatrol caused a certain degree of cell death by apoptosis 
in uninfected cells ranging from 8 to 32% according to the doses (5 and 
20 ^ig/ml, respectively). The infection in itself induced apoptosis in 12% 
of infected ceUs. Although the addition of increasing doses caused an 
increase in the mortality, no significant difference was observed 
between infected cells and uninfected cells treated with antiviral doses 
of the drug (35 and 37% apoptosis, respectively). 

By way of further confirmation of the results of the present invention, 
and by way of examples, the following in-vivo studies are described. 

Example 

Four-week-old female inbred Balb/c AnCrlBR mice were used. 
Resveratrol, dissolved in PBS, was administered to the a n im als via the 
intraperitoneal route at various times after infection with the 
influenza virus. The reservatrol concentrations were chosen so as to 
obtain a range of doses in the animals' blood similar to the effective 
range in vitro (10 to 20 ^g/ml). 

The mice were inoculated intranasally (i.n.) with a suspension 
containing the influenza virus A/PR at a m\dtiplicity of infection of 2 
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HAU/motise, after light anaesthesia with ether. On the basis of 
previous experimental data, the influenza virus at this mxiltiplicity of 
infection produces haemorrhagic pneumonia that leads to the death of 
80% of the animals by one week after infection. For the purposes of 
monitoring the infection trend, both virological and immxmological 
parameters were monitored in addition to studying survival ciirves. 

As a virological parameter, the viral load was determined. At different 
times after infection, the lungs of infected and control mice were taken 
as samples, weighed and homogenised in RPMI containing antibiotics. 
After centrifuging, the supematants were suitably diluted and the 
viral load was analysed by means of the CPE-50% test. On the basis of 
this method, confluent MDCK cells were infected with the 
supematants serially diluted in RPMI added with sintibiotics at 2% 
FCS and incubated for three days at 37**C in a 5% CO2 atmosphere. 
Lastly. For each dilution, the wells showing positive effects were 
counted and compared with those showing negative cytopathic effects 
according to the Reed and Muench formula. The CPE-50% titre was 
calctdated in units/mL 

As an immunological parameter, levels of inflammatory cytokines were 
evaluated using the ELISA method. A 96-well plate was used for the 
experiment. The plate was coated with monoclonal antibodies to the 
cytokines to be studied, incubated overnight at 4^*0. Later, 200 p.l/well 
of 1% BSA in carbonate buffer were added for 30 min at 37°C. 
Washings were then done with 0.25% TBS + Tween 20 and the 
samples were added for 4 hours at 37°C. As a reference curve 
recombinant cytokines in scalar dilution were used. Washings were 
then performed and an anti-cytokine polyclonal antibody, different 
from the first one, was added and left overnight at +4**C. Later, to 
washings with 0.5% TBS + Tween 20, MgCh 2 nM was added the third 
antibody conjugated to the anzyme alkaline phosphatase for 4 h at 
37*^0. Lastly, a substrate for the enzyme (100 fil/well) was added and 
the readout was taken using the ELISA reader and a 405 nm filter. 
The following antibodies were analysed: 1) monoclonal rat anti-mouse 
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TNF-alpha/recombinant mouse IL-6; 2) recombinant mouse TNF- 
alpha/recombinant mouse IL-6; 3) polyclonal rabbit anti-mouse TNF- 
alpha/polyclonal goat anti-mouse IL-6; 4) goat anti-rabbit IgG-alkaline 
phosphatase/anti-goat IgG alkaline phoshatase. 

The efficacy of resveratrol was studied in an experimental influenza 
virus infection model in the mouse. In this model, intranasal 
inoculation of the virus causes severe haemorrhagic pneumonia which 
leads to the death of the animals within 7 to 10 days of infection. The 
experimental design envisages evaluation of the therapeutic efficacy of 
the study substance, as assessed on the basis of survival of the infected 
animals. To this end, resveratrol was administered to the animals at 
various doses, on a daily basis for 7 days, starting firom a few hours 
after infection. The results obtained show that, whereas the mortality 
of the imtreated animals was as high as 80%, the administration of 
resveratrol (1 mg/kg) significantly reduced the mortaKty and 60% of 
the animals survived the infection (Figure 9). 



